Interpretation and optimization of absorbance and fluorescence signals from voltage-sensitive dyes.
Voltage-sensitive dyes produce absorbance and fluorescence changes that can be used to image voltage. The present study develops a systematic approach to the optimization of these signals. A mathematical analysis assesses the dye optical density ( OD) that optimizes the signal-to-noise ratio in absorbance and fluorescence measurements. The signal-to-noise ratio is maximal for a dye OD of 2 (natural logarithm) in absorbance and ~1 in fluorescence. The fluorescence result is approximate because, in contrast to absorbance, the optimal dye OD varies with the amount of scattering and intrinsic absorbance of the tissue. The signal-to-noise ratio of absorbance is higher in thick preparations such as brain slices; fluorescence is superior in thin preparations such as cell culture. The optimal OD for absorbance and fluorescence, as well as the superiority of absorbance, were confirmed experimentally on hippocampal slices. This analysis also provided insight into the interpretation of signals normalized to resting light intensities. With both absorbance and fluorescence, the normalized signal (Delta I/I) varies with OD, and does not reflect the change in dye absorbance. In absorbance this problem is remedied by dividing Delta I/I by the dye OD to obtain the absorbance change. For fluorescence a correction is possible, but is more complicated. Because this analysis indicates that high levels of stain optimize the signal-to-noise, dyes were tested for pharmacological actions and phototoxicity. The absorbance dye RH155 was found to have pharmacological action at high staining levels. The fluorescent dye RH414 was phototoxic. Adverse effects could not be detected with the absorbance dye RH482.